Oxygen free radicals have been implicated in the long-term complications of maintenance haemodialysis. Studies that have probed into the mechanisms of oxygen radical production have implicated the bio-incompatibility of dialysis membranes. Changes between the arterial (inlet) and venous (outlet) points of a dialyser may give a better picture of blood±membrane interaction. There are very few studies on changes across the dialyser. Hence, it was planned to study the immediate changes that occur due to passage of blood through the dialyser. Changes between the arterial and venous ends of the dialyser after 1 h of dialysis were studied in four combinations of dialysate and membrane. There was a signi®cant decrease in plasma vitamin E concentrations in all the groups during ®rst-use dialysis. This was not observed with re-use dialysis. A decrease in plasma lipid peroxides was also observed in all the groups with both ®rst and re-use dialysis. There was no signi®cant difference in the parameters studied among the four types of dialysis. A less severe, reactive oxygen radical generation was observed with re-use of membranes.
INTRODUCTION
Oxygen free radicals have been implicated in the long-term complications due to maintenance haemodialysis (MHD). The ®rst line of evidence for oxidative stress in patients on MHD came from the studies comparing healthy controls with patients on MHD. 1, 2 However, these ®ndings are confounded by other factors such as uraemic state, malnutrition, and the progressive worsening of the clinical condition due to ageing and comorbidity. 3 Hence whether or not haemodialysis contributes to the oxidative stress in these patients can be known only by studying the effect of a single dialysis session.
There have been many reports on the changes in oxygen free radical production and antioxidants due to a single dialysis session. Studies of the mechanisms of oxygen radical production have found a role for neutrophil activation and enhanced complement activation 4 due to the bio-incompatibility of dialysis membranes. It has been shown that some membranes are more bio-incompatible than others. 5, 6 Most of these reports were based on comparison of data from blood samples drawn at different points of time during dialysis. Results of this type may not represent the actual changes due to blood± membrane interaction because the composition of blood coming out of the dialyser naturally changes the moment it enters the circulation. It is known that some substances involved in oxidative stress, such as lipid peroxides and vitamin C, are cleared during dialysis. In addition, the loss of water will make the concentration of substances in the blood emerging from the dialyser different from that present in the circulation. Hence, the changes observed between the arterial and venous ends of the dialyser (entry and exit points) may give a better picture of blood±membrane interaction.
There are very few studies that have addressed the changes across the dialyser. 7±9 There are no studies on changes in antioxidant vitamin concentration across the dialyser. Biasioli et al., 10 who studied the time course of changes in oxidant imbalance with six different types of membranes, suggested the production of data banks for each given membrane. In line with this suggestion, the authors felt the need to obtain data on immediate changes caused by passage of blood through a dialyser using different membranes. Recently, there have been efforts to reduce oxidative stress load during dialysis. One of the procedures gaining importance uses vitamin E-modi®ed multilayer haemodialysis ®lters. 11, 12 This further strengthens the need for an assessment of changes caused by dialysis membranes currently in use, in order to obtain baseline data for these membranes.
Hence, it was planned to study the immediate changes that occur due to passage of blood through the dialyser in order to assess the net oxidative imbalance caused by blood±membrane interaction. Four combinations of dialysate and membrane were studied. The effect of re-use of membrane was also studied.
MATERIAL AND METHODS
Patients recruited to the study were on MHD for a period of 2 to 29 months. They received 4-h dialysis sessions three times a week. None of the patients were smokers and none had any associated disease, infection or other complications at the time of sampling. Twenty patients were studied in each group. The combinations of membrane and dialysate tested were: polysulphone±bicarbonate (PB), polysulphone± acetate (PA), cuprophan±acetate (CA) and cuprophan±bicarbonate (CB). The mean (one standard error of the mean) ages of the patients in the different groups were: 42´5 2´39 years (PB); 43´0 2´22 years (PA); 39´2 2´47 years (CA) and 40´8 2´39 years (CB). Two consecutive sessions were studied in each group to assess the effect of re-use of membrane. All subjects gave informed consent before participating in the study.
Dialysis was performed using a Clirans hollow ®bre dialyser (dry type) (Terumo Corporation, Tokyo, Japan). Dialysate¯ow rate was 500 mL/ min with a blood¯ow rate of 200±250 mL/min. Water for the dialysate was puri®ed by reverse osmosis. Anticoagulation was achieved with 2000 IU heparin at the start of dialysis followed by continuous heparin administration at a rate of 500±1000 IU/h. For each dialysis session, heparinized blood samples were collected at the end of 1 h from both the arterial (inlet) and venous (outlet) ends of the dialyser, and plasma was separated. Free malonaldehyde (MDA) was measured spectrophotometrically as thiobarbituric acid reactive substances, as an estimate of lipid peroxidation. 13 Vitamins A and E were measured by highperformance liquid chromatography techniques. 14 Urea, creatinine, albumin and cholesterol were estimated using standard methods on a Synchron CX-4 Analyser (Beckman Instruments Inc, Brea CA, USA). Glutathione peroxidase (GP) and superoxide dismutase (SOD) were measured on the same analyser using reagents from Randox Laboratories Ltd (Crumlin, UK).
Statistical analysis was performed using Microsoft Excel and SPSS for Windows. Values were corrected for haemoconcentration using the albumin concentration, or cholesterol concentration for vitamin E. To assess the changes in parameters between entry and exit points of the dialyser, values were transformed into percentages, taking the entry point value as 100%. The Wilcoxon test was used to assess the signi®cance of changes. The Kruskal±Wallis one-way ANOVA test was used to assess signi®cance of the differences between the four types of dialyses. A P value of 50´05 was considered signi®cant. Tables 1 and 2 show the median and range of the parameters studied for the four types of dialysis. The signi®cant changes observed in the parameters studied are summarized in Table 3 .
RESULTS AND DISCUSSION
There was a signi®cant decrease in plasma vitamin E concentrations in all the groups during ®rst-use dialysis. This was not observed with re-use dialysis. A decrease in plasma lipid peroxide concentrations was also observed in all the groups in both ®rst and re-use dialysis, but the decrease was greatest in the PB group. The Kruskal±Wallis one-way ANOVA test did not reveal any signi®cant difference (P40´05) between the four types of dialysis for any of the parameters studied.
Superoxide radicals attack the double bonds of unsaturated fatty acids, leading to formation of lipid peroxides. The lipid peroxides thus formed attack more fatty acids. This chain of events is broken by vitamin E, which undergoes oxidation instead of the fatty acids. 15 In ®rst-use dialysis we found a signi®cant decrease in vitamin E levels with passage of blood through the dialyser in the PA and CA groups. However, when corrected for cholesterol concentration 16 and hence also haemoconcentration,this decrease was observed in all the groups. As vitamin E is associated with the lipoprotein fraction of plasma and is not water-soluble, the decrease cannot be due to clearance by the dialyser. Hence, this decrease provides evidence for the production of reactive oxygen species.
Free MDA present in plasma is a small molecule and is water-soluble. Hence, if there is no production, the decrease in free MDA should be comparable to that seen for urea and 
Data presented as median and ranges. Non-parametric tests used for statistical analysis. PB=polysulphone± bicarbonate; PA=polysulphone±acetate; CA=cuprophan±acetate; CB=cuprophan±bicarbonate; A=arterial end (inlet); V=venous end (outlet); SOD=superoxide dismutase; GP=glutathione peroxidase. creatinine. But our study found that the decrease of free MDA was much less (9±25%) compared with that of urea and creatinine (49±62%). This, along with a decrease in vitamin E, supports the concept that there is both production as well as clearance of lipid peroxides as a result of haemodialysis.
There was a signi®cant increase in plasma GP concentrations. However, when this was corrected for albumin concentration no change was observed, indicating that the change was caused by haemoconcentration. There was no change in plasma vitamin A and SOD concentrations either as such or when corrected for haemoconcentration.
It has been reported that the generation of oxygen radicals is caused by bio-incompatibility of the dialyser membrane. Contact with the membrane results in allergic reactions arising from sensitization to the membrane components, complement and neutrophil activation. 4 The bio-incompatibility of various membranes was found to differ. Most studies have reported more oxygen radical production with cuprophan membranes 5, 6, 8, 17 (although some workers have found no evidence of this 18 ), whereas others have found polysulphone equally reactive. 19 Most of the studies which reported an increased oxidant stress due to cuprophan dialysis found that the effect was observed mainly during the ®rst hour of dialysis. 5, 8, 17 Zima and colleagues 17 found a signi®cant increase in plasma MDA levels during cuprophan dialysis when compared with polycarbonate 15 min after the start of dialysis. However, this difference was not observed at the end of dialysis. Luciak and Trznadel, 5 who studied superoxide radical generation, found that cuprophan dialysis resulted in a surge in super-oxide radical concentration at around 30 min, followed by a fall. Sanaka et al., 8 studying patients dialysed with cellulose triacetate and polymethyl methacrylate membranes, reported a signi®cant increase in phosphatidylcholine hydroperoxide production by neutrophils between inlet and outlet samples at 30 min, followed by a fall. However, the increase observed when cellulose triacetate membrane was used was much higher.
Against this background, we wanted to investigate any changes in lipid peroxidation and antioxidant concentration following 1 h of cuprophan or polysulphone dialysis. Our results did not show any statistically signi®cant difference (P40´05, Kruskal±Wallis one-way ANOVA), for any of the parameters assessed between the four types of dialysis studied although there was a slightly higher consumption of vitamin E in the CA group. This suggests that after the ®rst hour of dialysis the blood±membrane interaction is almost the same with respect to oxidant stress in both cuprophan and polysulphone dialysis. However, studies at regular intervals during the whole dialysis period may be necessary in order to draw further conclusions.
The changes observed with the re-use of membranes were similar to those seen for ®rstuse dialysis. However, the difference in the concentration of vitamin E between arterial and venous ends of the dialyser was much less compared with that seen in ®rst-use dialysis and not statistically signi®cant. This indicates a less severe reactive oxygen radical generation with re-use of membranes and concurs with other reports which have demonstrated a lesser degree of complement activation with membrane re-use. 6 Hence, our study points to the production of reactive oxygen radicals in haemodialysis, with consequent consumption of vitamin E, in all the groups studied. Although the differences observed between the four types of dialysis studied are not statistically signi®cant, the trend is suggestive of more oxygen radical production during dialysis with the CA combination. The generation of reactive oxygen radicals was found to be less severe with re-use of membranes.
